To begin reproductive cycles at an appropriate time of year, the young female sheep uses its pattern of pineal melatonin secretion to transduce information about length of day to the neuroendocrine system governing reproduction. The lamb monitors the changing seasons via the duration of melatonin secretion Yellon and Foster, 1986) and employs the transition from the long days of summer to the shorter days of autumn to time puberty. In artificial lighting conditions, when young females raised on short days are exposed to only 5 weeks of long days from 17 to 22 weeks of age, they undergo puberty at the normal time several weeks later (about 30-35 weeks of age; Foster, 1983; Yellon and Foster, 1985) . However, the same long-day to short-day transition during the first 10 weeks of life does not induce normal reproductive cycles . Rather, puberty is delayed and occurs some time after 1 year of age, much the same as if the lamb had experienced no change in photoperiod.
system matures shortly after birth.
To begin reproductive cycles at an appropriate time of year, the young female sheep uses its pattern of pineal melatonin secretion to transduce information about length of day to the neuroendocrine system governing reproduction. The lamb monitors the changing seasons via the duration of melatonin secretion Yellon and Foster, 1986) and employs the transition from the long days of summer to the shorter days of autumn to time puberty. In artificial lighting conditions, when young females raised on short days are exposed to only 5 weeks of long days from 17 to 22 weeks of age, they undergo puberty at the normal time several weeks later (about 30-35 weeks of age; Foster, 1983; Yellon and Foster, 1985) . However, the same long-day to short-day transition during the first 10 weeks of life does not induce normal reproductive cycles . Rather, puberty is delayed and occurs some time after 1 year of age, much the same as if the lamb had experienced no change in photoperiod. (Claypool et al., 1989) . Whether the very young lamb is able to adjust its melatonin rhythm to a change in daylength is not known. In the present study, the rate of entrainment of melatonin to a novel photoperiod in lambs during the early postnatal period was compared to that of their mothers, to determine whether developmental differences exist in the dynamic regulation of melatonin secretion. obtained hourly for 24 hr by jugular venipuncture on various days from all animals over a 2-week period after the photoperiod shift, in the event that the lambs entrained at a much slower rate than the mothers. Melatonin patterns were monitored in both lambs and their mothers on the day of the light shift (day 0), the previous day (day -1), and on days 2, 4, 6, and 13 after the light shift ( Fig. 1 ). Circadian melatonin patterns were determined on days -1, 0, 4, and 13. To minimize blood loss from the lambs, hemicircadian patterns of melatonin (hourly blood samples from 1200 to 2300 hr, EST, spanning the new dusk) were obtained on days 2 and 6. Within 48 hr after collection, samples were centrifuged, and sera were frozen until assayed for melatonin.
MATERIALS AND METHODS

ANIMALS
MELATONIN ASSAY
Melatonin was measured by modification (Foster et al., 1989a) of an assay described previously (English et al., 1986) . The mean sensitivity, defined as two standard deviations from the buffer control, was 9 ± 4 pg/ml (44 assays). Intra-assay coefficient of variation (CV), determined from three pools of standard sera measured four times in each assay, averaged 9 ± 3%; interassay CV averaged 20 ± 4%.
DATA ANAL YSIS
To determine the rate of melatonin entrainment, it was necessary to define the initial nocturnal increase in circulating melatonin. Each circadian pattern was analyzed by a cluster analysis algorithm (Brown et al., 1988) . This method of analysis divides the data points into baseline and plateau clusters. The first data point included in the plateau marks the onset of melatonin secretion (see Fig. 1 Figure 2 illustrates mean concentrations of serum melatonin for lambs and mothers on long days (day -1), on the day of the shift to short days (day 0), and on days 4 and 13, the days for which full 24-hr patterns of melatonin were available. Figure 3 presents nightly levels of melatonin from two lambs that span the range of rates of entrainment observed in this study. Before the light shift, during exposure to long days, melatonin rhythms of both lambs and their mothers were fully entrained to the LD cycle (day -1, Fig. 2 ). Although lights-off was at 1500 hr, the earliest that a FIGURE 2. Patterns of circulating melatonin (mean ± SEM during each 24-hr collection period for eight lambs (left) and their mothers (right). Shaded areas depict periods of darkness. On day 0, the photoperiod was shifted to short days. melatonin rise would be detected was at 1600 hr in animals completely entrained to the new photoperiod. In our protocol for blood sampling, the sample at 1500 hr was obtained a few minutes before darkness, and the next sample at 1600 hr was the first collected after lights-off. Likewise, because of the method of sample collection, the melatonin rise on day -was first apparent at 2400 hr in most animals, despite the onset of darkness at 2300 hr. Beginning on day 0, both lambs and mothers gradually advanced the onset of melatonin secretion until the rise of melatonin corresponded to the onset of darkness. By day 13, mean serum concentrations of melatonin remained elevated for the duration of the night. It should be noted that weaning on day 7 of the experiment had no discernible effect on the day 13 melatonin pattern.
There was considerable individual variation in rate of entrainment of melatonin secretion, as shown in Figure 3 . In one mother-daughter pair (#724), entrainment was nearly complete on the first day after the light shift (day 0 (Foster et al., 1989b) . Figure 4 presents a comparison of mean rates of entrainment for lambs and their mothers. As determined by two-way ANOVA, the rates of entrainment of these two groups did not differ. The entrainment of individual lambs and their mothers, as determined from the nightly onset of melatonin secretion, is depicted in Figure 5 . Large individual variation was present, despite the apparent overall similarity between mothers and lambs. Beginning on day 0, the day the photoperiod was changed, the onset of melatonin secretion progressed forward at least 1 hr in all mothers and seven of eight lambs. By day 13, seven lambs and five of eight mothers had completely entrained to the new photoperiod; only one mother-lamb pair (#724) had stably entrained before that day (lamb, day 0; mother, day 2).
Comparison of the entrainment of the eight pairs of animals revealed no significant correlation between rates of entrainment of individual daughters and mothers (R2 = 0.10).
DISCUSSION
The present study reveals no difference between 7-week-old lambs and their mothers in the time required for the melatonin rhythm to adjust to a novel photoperiod. Entrainment of both lambs and mothers to an 8-hr light shift required between 7 and 13 days for most individuals. This agrees with previous reports in adult female sheep, which entrain to an 8-hr light change within 8 days (Malpaux et al., 1987) or 14 days (Bittman et al., 1983) .
One explanation for the lack of difference in entrainment rate between mothers and lambs is maternal communication of melatonin to the lamb. Direct passage of melatonin from the ewe to the lamb has been demonstrated to occur before birth by placental transfer (Kennaway et al., 1981; Yellon and Longo, 1987; Zemdegs et al., 1988) . After birth the transfer of melatonin from mother to offspring may also be possible, because melatonin is present in milk and can be absorbed from the digestive system, at least in the rat (Reppert and Klein, 1978 (Duncan et al., 1986) . Such innervation must occur early in the lamb, because in some individuals a competent melatonin rhythm has been identified by 1 week of age (Claypool et al., 1989) . . If Finally, it should be noted that photoperiod information is clearly perceived by the young lamb to influence hormone secretion. Serum prolactin concentrations were found to be higher throughout the first few weeks after birth in lambs exposed to long days than in lambs kept on short days; this difference was prevented by denervation of the pineal gland (Ebling et al., 1988) . Furthermore, as shown in gonadectomized female lambs, within a few weeks after birth long-day photoperiod has a stimulatory effect on luteinizing hormone pulse frequency in the absence of steroid negative feedback (Ebling, unpublished results) .
Perhaps perception of and early responses to photoperiod are unimpaired, as inferred earlier, but other neuroendocrine pathways to the reproductive system indicate that somatic size is inadequate. In this regard, the nutritionally growthrestricted lamb remains hypogonadotropic, and puberty cannot occur (Foster and Olster, 1985) , despite the lamb's ability to perceive seasonal photoperiod cues (Foster and . It appears that the requirements for growth and for photoperiod must be satisfied concurrently before puberty will occur. According to this hypothesis, lambs do not experience accelerated puberty when exposed to a longday to short-day photoperiod transition early in life, because growth is limiting. 
